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Genetic Variation for Selenium Content in Tall Fescue

S. D. McQuinn, D. A. Sleper;* H. F. Mayland, and G. F. Krause

ABSTRACT 1960). Kemp and t'Hart (1957) and Butler (1963)
Selenium is an element necessary for good animal health. No in- demonstrated that the incidence o~ grass teta~y was

formation is available on inheritance of Se concentration in tall fes- reduced when the K/(Ca + Mg) ratIo (meq baSIS) was
cue (Festuca arundinacea Shreb.). Therefore, the purpose of this <2.2. Selection has occurred for high Mg in tall fescue
investigation was to determine the nature of genetic variation of Se (Sleper et al., 1989) and annual ryegrass (Lo/ium mu/-
concentration in tall fescue. To accomplish this objective, 15 paren- ti}1orum Lam.) (Hides and Thomas, 1981). In most
tal clones were randomly chosen from a broad-based population, and cool-season forage grasses, relatively high heritability
their half-sib (HS) progenies were generated using a polycross mat- values have been obtained for Mg and Ca (Sleper et
ing design. Selenium analysis was determined flourometrically by al., 1989). Potassium has been shown to be more var-
digesting dried, ground herbage samples in 3:1 HNOJ/HClO4. Sig- iable in inheritance because it is highly influenced by
nificant genetic variation was observed among HS families in the the environment for most cool-season forage grasses.
fall for Se concentration. Heritability, calculated using parent-off- To date no information is available on the inherit-
spring (PO) reg~ess~~n, gave estirn.ates.of 18:0 for summer an.d ~8% ance of Se in cool-season forage grasses.
~or the fall. HeritabIlIty a?d genetic gam estimates were maxImIzed Selenium, an element similar to sulfur, is required
m t~e fall, as compared wIth the ~um~er, largely because of a large by animals, but not by plants (Mayland et al., 1989).
envIronmental component. ?enetlc gam, express~ as a percentage In some areas, available soil Se may not be sufficient
of the mean of parents, predIcted an advance of 19 Yo for fall herbage. fi fi I t t I t th 50 t 100 S. .. .. or orage p an s 0 accumu a e e 0 ng eProgress m selecting for Improved concentrations of Se m the fall -I . .
in this population of tall fescue is likely. g . n~eded .by amm,als.. Th~se Se-deficient areas often

coIncIde wIth the dIstnbutIon of tall fescue (Mayland
et al., 1989; Cook, 1975). Selenium may be relatively
unavailable in neutral and acid soils, and any attempt

I NHERITANCE of mineral concentrations in cool-sea- to increase crop Se uptake by shifting to some other
son forage grasses has largely concentrated on the plant species has been viewed with some skepticism

elements Mg, Ca, and K (Sleper et al., 1989). These (Ehlig et al., 1968). Sele.nium concentrations may dif-
three elements have received attention by forage grass fer between plant speCIes, as Mayland .et al. (~9~9)
breeders because of their importance in grass tetany reported for pl~nts grown on alkalIne s?Ils contaInIng
or hypomagnesemia. Grass tetany of ruminants is as- moderate to h.igh levels .of Se. ~uch dIfferences ~ay
sociated with low blood-serum Mg levels (Kemp result from dIfferences In rooting depth, especIally, where the subsoil contains greater amounts of soluble
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was to determine the genetic variation for Se concen- where 82 and 8 r = variance components due to parents
tration in a broad-based tall fescue population. and HS families, respectively; 8 ~y and 81 = v.a~ance com-

ponents due to parents X year and H~ families X year,
MATERIALS AND METHODS respectively; 8im an~ :S~fm ~ total phenotyp~c variance of

parents and H~ families estimated from vanance compo-
Fifteen parental plants of tall fescue were randomly cho- nents of plot means averaged over year and reps, respec-

sen from a broad-based population, and their HS progenies tively; 8; = variance components due to genotype X
were generated in isolation using a polycross mating design replication X year within the same location; and y and r =
(Nguyen and Sleper, 1983b). The broad-based population number of years and replications, respectively.
from which the 15 parents were chosen originated from Approximate standard error (SE) estimates of Hb and H n
progeny after randomly mating 70 parents for one genera- were computed as a ratio of the SE of the genetic variance
tion. The 70 parents were largely plant introductions chosen in the numerator to the corresponding phenotypic variance
at random. The theory and application of HS matings for according to Dickerson (1969), as follows:
forage grass breeding was detailed by Nguyen and Sleper SEH = SE(82)/8 2 and SE H = SE(8 2)/8 2(1982a). b p pm n f pfm.

Field plots were established in August 1979 at Mt. Ver- Narrow-sense heritability (h2) on a phenotypic mean basis
non, MO, as described by Nguyen and Sleper (1983b). The was estimated as twice the genotypic regression coefficient
randomized complete-block design had four replications. (h~ = 2bG), according to Falconer (1981).
Each replicate had 30 entries (15 parents and 15 HS fami- Expected gains per cycle (G) were calculated for a selec-
lies), with each plot consisting of seven seedlings (HS prog- tion intensity of 20%, as follows (Nguyen and Sleper, 1983a):
enies) or clones (parents) planted 30 cm apart within a row G = Kh2(S2 )1/2and 90 cm between rows. p pm

Reproductive tillers were removed in early May of each where K = standardized selection differential for selection
year to establish a uniform robust vegetative growth for t~e intensity of 20%, which was 1.4; 8 ~m = phenotypic variance
subsequent June (1983) and October (1984) harvests. A ~ail- among parent mans; and h2 = narrow-sense heritability es-
type forage harvester was used to cut the herbage to a height timated using the PO regression. This genetic gain was ex-
of 10 cm. The plant material was then dried in a forced-air pressed as a percentage of the mean of the parents.
oven (38 °C) and ground to pass a I-mm sieve in an inter-
mediate Wiley mill. Subsamples of plant tissue were digest- RESULTS AND DISCUSSION
ed in 3: 1 HN03/NC104 and Se determined fluorometrically . .
(Olson et al., 1972). A National Bureau of Standards (NBS; Table 2 shows the means for HS families and par-
now NIST) wheat flour, No. 1567, certified at 1100 :t 20 ents for each season when pooled over years. Selenium
ng Se g-l, was analyzed as 102q :t 80 ng. The NBS citrus concentrations ranged from 82 to 147 ng g-l for Parent
leaf, No. 1572, reported to contam 25 ng Se g-l, was analyzed 146 and HS 144 sampled in the fall, respectively.
as 37 :t 3 n~. All data were reported on a dry-matter basis. When pooled across years, the HS and parental means

The combmed. ~NOY A was computed sepa~ately ~or I?ar- were nearly identical for both seasons. however the
ents and HS families usmg plot means. The split-plot m time f .. .. '.ft T
with years as subplots was used according to Steel and Tome year source 0 vanatIon was highly Sigm cant ( able
(1980). Expected mean squares were based on a random 3). Mean val.u.es ofSe content averaged a1cross parents
effects model for replicates, years, parents, and HS families and HS families. were .109 and 129 ng g- for summe;
(Table 1). Components of variance were estimated by com- and fall, respectively, m 1983 and 125 and 102 ng g-
puting appropriate linear functions of the mean squares as for summer and fall, respectively, in 1984. The en-
determined from expectations of mean squares in the AN- vironmental data indicated that rainfall was probably
qv A (Steel.and Tome, 1980). The standard error or an es- the main source of variation. In 1983, precipitation
tlmated vanance component was calculated as descnbed by from April through June was considerably higher than
Anderson and Bancr?ft (1952), as follows: for this same period in 1984. Although July and Au-
standard error of vanance gust of 1983 received more rainfall than 1984, Sep-

(S2) = [2/~a r (Mr/f,+2)]1/2
where the a;,s are the linear coefficients used in computing Table 2. Means and standard errors of s~ conte.n! across years for
the variance component (82), Mj's are the mean squares, summer and f!,11 for parents and half-sib families from a broad-
and J:s are the degrees of freedom associated with the Mj's. based population of tall fescue.

Broad- (Hb) and narrow-sense (HJ heritabilities were es- Summer Fall
timated on a phenotypic mean basis averaged over years Parent . .bs P
and replications (Nguyen and Sleper, 1983a), as follows: genotypet Half-sibs Parents Half-sl arents

H = S2/S2m = S2/[S2 + S2 /y + S~/ry]" g-1
b p p p p py 144 130:!: 35 137:!: 10 147:!: 45 135:!: 37

and 137 130:!: 26 120:!: 21 134:!: 46 146:t 31
125 121 :t 46 117:t 22 131 :t 49 127:t 34

Hn = Sr/S~fm = Sr/[Sr + S~/y + S~/ry] 166 136:!: 41 113:!: 20 127:!: 28 112 :t 27
118 126 ~ 28 108:t 22 125:t 41 105:t 33

. . . 170 126 ~ 21 136:t 41 120 ~ 30 140 ~ 57
Table 1. Expectation of !1Iean ~q.uares from the analysIs of variance 149 112 :t 24 123 ~ 26 114 :t 38 130 ~ 27

for parents and half-sib families. 159 III:!: 25 117 :t 24 110 :t 43 105 ~ 34
Source df Expected mean squarest 173 118:!:26112:t22 110:!:4989:t19

133 108 ~ 24 III ~ 32 108 ~ 31 98 ~ 14
Reps (R) 3 a~ + 2ai. + 15a:' + 3017: 141 109 :!: 17 123 :!: 24 106 :!: 29 132 ~ 47
Genotypes (G) 14 a~ + 2ai. + 4ai, + 8ai 163 96:!: 17 119:t 19 106 :t 23 129 ~ 45
G X R (Error a) 42 a~ + 2ai. 135 104 ~ 20 123 :!: 26 102 ~ 24 126 :t 45
Year (Y) I a; + 4ai, + 6017; 164 108 ~ 16 98 :t 14 101 :t 23 83 ~ 14
G X Y 14 a; + 4ai, 146 106:t 30 101 ~ 31 98:!: 41 82:t 21
GXRXY(Errorb) 42 a~ Mean 116 117 116 116

t , = 4 replications, g = 15 genotypes (parents or half-sibs), y - 2 years. t Fifteen parental clones randomly chosen.
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tember (which corresponds with the period of active regression of offspring on parent. Heritability based
fall growth for tall fescue) accumulated> 7.5 cm more on the regression ofHS progeny means on one of their
in 1984 than in 1983. Whenever rainfall was higher parents contains only additive genetic variance and
during spring and fall growing seasons, Se content was additive type of epistasis, allowing for a less restrictive
lower. This may be explained by the oxidative state genetic model and reducing the bias associated with
of Se and by dilution of the soluble Se in soil water the estimated components of genetic variance (Fal-
and then dilution by the increased photosynthate of coner, 1981). A practical problem with any heritability
the rapidly growing plants (AI basel et al., 1989). In estimate is that we must interpret genetic transmission
alkaline, dry, well-aerated soils, Se tends to form se- in terms of individual genes, and we know that gene
lenate (+ 6), while acid, wet, and poorly drained soils interactions are extremely important (Gilbert, 1973
have a higher selenite (+ 4) concentration (Gissel- and Simmonds, 1984). Furthermore, genotype X en-
Nielson et al., 1984; Albasel et al., 1989). Uptake and vironmental interactions also influence heritabilityes-
translocation of selenate is generally more efficient timates. An underlying assumption of PO regression
than selenite because it is able to utilize the uptake is that all genotype X environment interactions be-
sites and transport mechanism of sulfate. Also, selen- tween parents and progenies are zero (Hanson, 1963;
ite retention by clay particles is greater than selenate Dudley and Moll, 1969; Vogel et al., 1980; Casler,
retention (Albasel et al., 1989). 1982). A way to remove this potential bias is to regress

Mean squares for parents were not significant; for progeny means on parental means evaluated under
HS families, significance occurred only during the fall different environments (Buckner et al., 1981). In this
(Table 3). Provided that genetic variation was ade- investigation, only one location was used, but data
quate, this suggests that fall would be the time in were collected over a 2-yr period; however, it must be
which selection for high Se concentration would likely realized that data collected from one location may
be successful. It is likely that selection for high Se con- bias heritability estimates upward (Nguyen and Sle-
centration in the summer would not be useful in most per, 1983a).
of the tall fescue growing regions of the USA because Narrow-sense heritability obtained via regression
tall fescue usually goes dormant during this period gave estimates of 68% for the fall and 18% for summer
because of high temperatures and lack of moisture. (Table 5). The narrow-sense estimate obtained via

Advancement of any trait within a mixed popula- regression for the fall exceeded its standard error by
tion depends upon whether genetic variability exists more than three times. Narrow-sense estimates from
among individual plants and if this variability is a variance components were 0 and 91 % for summer and
result of additive genetic effects. The genetic variance fall, respectively. Broad-sense heritability estimates
component for HS families was significantly greater were 3 and 0% for summer and fall, respectively. Nar-
than zero in the fall, suggesting the existence of genetic row-sense estimates obtained via regression and var- .
variation for Se concentration during this season (Ta- iance components for the fall were large enough to
ble 4). Other genetic variance components were not suggest progress in selecting for improved Se content.
significant. Genotype X year interaction variance If parental or F I clones are to be selected and repro-
components were significantly different from zero duced vegetatively, improvement may be estimated
only for parents in the fall. Negative genotype X year directly from the broad-sense heritability estimate and
variance components were observed for parents in the the clonal means. If clones are to be selected for inter-
summer and HS families in the fall. Dudley and Moll
(1969) stated that if a particular component of vari- Table 4. Estimates of various components and their standard errors
ance is in reality very small, negative experimental for selenium content in parents and half-sib families from a broad-
estimates are not unexpected. Because variance com- based population of tall fescue.
ponents are obtained via subtraction of mean squares, Summer Fall
slight inaccuracies can be magnified, even to the ex- Variance. - ts 0_11 .IIsP ts O_I'_"L..f . .. ( h . h component. sn 08II-SI IreD 0811-tent 0 causIng negatIve vanance components w IC -
in our analysis were interpreted to be zero). x Io-'t

According to Levings and Dudley (1963), the best.5i -4 :t 552 -148:t 470 -942:t 421 2717*:t 1680
estimate of heritability in outcrossing species of au- 5"" -485 :t 168 269 :t 135 1826* :t 246 -433 :t 209
totetraploids and diploids results from doubling the S', 3050 :t 635 2499:t 524 3487:t 791 3854 :t 893

* Significant at the 0.05 level of probability.

t Actual data multiplied by this to get the reported numbers.
Table 3. Mean squares of parents and half-sib (HS) families for Se * S; = variance components due ~o genotypes; 5"" = variance components.due. to

concentration in the summer and fall for a broad-based population genotypes X year; and S', = vanance components due to genotype X replication
of tall fescue. X year.

Summer Fall Table 5. Broad- (Hb) and narrow-sense (H.) heritability estimated

Source Parents HS Parents HS from variance components and narrow-sense heritability estimated
by parent-offspring regression (h~) and gain from selection (G)X Io-'t expressed as a percentage of the mean in a broad-based population

Genotypes (G) 10292 9125 17409 36591* of tall fescue.
G X Rep(R) 11714 8995 17421 16931 . .
Year (Y) 69870** 71262** 295609** 157669** Statistic Summer Fall
G X Y 1852 3713 7890* 1856 Hb 0.03 :t 0.41 0.0
G X R X Y 2976 2456 3708 4188 H. 0.0 0.91 :t 0.60
* ** S. .Ii h 0 05 d 0 01 1 I f bab.l. . I h~ 0.18 :t 0.16 0.68 :t 0.18, Ignl cant at t e. an . eve 0 pro Ilty, respective y. G ('Yo) 3 19
t Actual data multiplied by this to get the reponed numbers.
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crossing to establish a new breeding population, then Sci.21:419-423. . ..
narrow-sense heritabilit y should be used to Predictge- Butler,.E.J. 1963. The mineraI element content ofspnng pasture In

. . fi I . relation to the occurrence of grass tetany and hypomagnesaemla
netIc gaIn rom se ectlon, in dairy cow. J. Agric. Sci. 60:329-340.

The response to selection that a plant breeder is Casler, M.D. 19~2. Genotype X envir<?~ment interaction bias t~
primarily concerned with is the change of the popu- pa~ent-offsPTlng regression hentability estimates. Crop SCI.
I . h d ' ffi f h h ' 22.540-542.
atlon mean: tel erence 0 t e mean p enotYPlc Cook, K.A. 1975. Detennination of selenium in Missouri fescue by

value between the offspring of the selected parents and .neutron activation analysis. !\:is thesis. Univ. of!\:iissouri-Col.umbia.
the whole of the parental generation before selection. DI.ckerson, q.E. 1969. Techmques for research In quant~tatlve an-

. .. Imal genetics. p. 36- 79. In W.D. Hanson and H.F. Robinson (ed.)
Falconer (1981) cautIons that estImated gaIn from se- Techniques and procedures in animal science research. Am. Soc.
lection is not a prediction but rather a description, Anim. Sci., Albany, NY. .
because the regression of offspring on parent cannot Du~ley, J.W., and ~.~. Moll. 1969. Inte!pretatl.on and use of.es-
be d t . 1 th ffi . t . h be tlmates of hentability and genetic vanances In plant breedIng.

measure un 1 e 0 spnng genera Ion as en Crop Sci. 9:257-261.

grown, Also, the response depends on the heritability Ehlig, C.F., W.H. Allaway, E.E. Cary, and J. Kubota. 1968. Differ-
of the character, which includes the particular trait's ence~ am°!1g plant sP.ecies in selenium accumulation from soils
. . ' h h . A h. d h low m available selenium. Agron. J. 60:43-47.
InteractIon wIt t e enVIronment. s t .IS stu y as Falconer, D.S. 1981. Introduction to quantitative genetics. Ronald
revealed, yearly and seasonal differences In Se content Press, New York.
can be obtained. Therefore, gain from selection is val- Gilbert, N. 1973. Biometrical interpretation. Oxford Vniv. Press,
.d ' .. I fi I . H b London.1 , In I?nnClp e, or °!1 y one generatIon. owever, Y Gissel-Nielsen, G., V.C. Gupta, M. Lamand, and T. Westennarck.
a veragIng a character s response across several seasons 1984. Selenium in soils and plants and its importance in livestock
and years, one is able to approach a reasonable and and human nutrition. ~dv: .Agron. 37:397-460.
practical trend toward predictin g future res p onses to Hanson, W..D. 1963. Hent~bllity. p. 12.5-139. In W.D. Ha.nson and

. H.F. Robmson (ed,) Statistical genetics and plant breedIng. Natl.
selectIOn. Based on the 1983 and 1984 performance Acad. Sci.-Natl. Res. Council, Washington, DC.
of a broad-based population of tall fescue, the esti- Hides, D.H., and T.A. T~o~as. 1981. Variation in. the mag~esium
mated gain for fall and summer was 19 and 3%, re- con~ent of grasses and ItS Improvement by selection. J. Scl. Food

. I (T bl 5) Agnc. 32:990-991.
spectlve y a e . Kemp, A. 1960. Hypomagnesaemia in milking cows: The response

In summary, a broad-based population of tall fescue of s.erum magnesium to a!terations in .herbage composition re-
genotypes did express variability in Se content. Re- suIting fr.om potash and nitrogen dressIngs on pasture. Neth. J.

I . d . d h h . b.l . d .. Agnc. Scl. 8:281-304.
su ts. In. Icat.e t at enta Ilty an genetIc gaIn were Kemp, A., and M.L. t'Hart. 1957. Grass tetany in grazing milking
maXImIzed In the fall, as opposed to summer selec- cows. Neth. J. Agric. Sci. 5:4-17.
tion, due in part to a large environmental component. Levin.gs, G.S., and J. v:o'. Dudley. ! 963. ~valu~tion of certain. mating
Heritability obtained using PO regression gave us a desIgns for .estl.matlon of genetic vanance m autotetraplold alfal-

. .. fa. Crop Scl. 3.532-535.
fall estImate of 68%, With a predIcted genetic advance Mayland, H.F., L.F. James, K.E. Panter, and J.L. Sonderegger.
of 19%. Genetic progress can be expected in a program 1989. Selenium in sele':1ifer.ous e.nvironments. p. 1.5-50. In
to increase Se concentration in this population of tall L. W.G. Jacobs (ed.) Selemum m agnculture and the .envIronment.
fi . h £'.II . SSSA Spec. Publ. 23. ASA, CSSA, and SSSA, MadIson, WI.
escue In t e Ja . BreedIng procedures such as phe- Nguyen, H.T., and D.A. Sleper. 1983a. Theory and application of

notypic restricted recurrent selection or simple mass half-sib matings in forage grass breeding. Theor. Appl. Genet.I. h . h .1. h dd.. .. 64:187-196.
se ectlon, w IC utllze tea ltlve ge.net~c vana~ce, Nguyen, H.T., and D.A. Sleper. 1983b. Genetic variability of seed
are expected to be the methods of chOIce In selection yield and reproductive characters in tall fescue. Crop Sci.
for improved Se content. The expected gains are of 23:621-626. . .
significant importance to grazing animal health Olson,.D.E., I.S. Pal.mer, and E.E. Cory. 19?2. ModIfication of the

. officIal fluorometnc method for selenium m plants. J. Assoc. Off.

Anal. Chern. 58:117-121.
Simmonds, N. W. 1984. Principles of crop improvement. Longman,
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